TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE HAVING SILICIDE FILM AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is- based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-235073, filed August 12, 2002, the 
entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device 
and a method of manufacturing the same and more 
particularly to a semiconductor device having a 
silicide film and a method of manufacturing the same. 

2. Description of the Related Art 

As the performance, of a MOS transistor is more 
enhanced, it becomes more popular to form the gate 
electrode in a silicide form in order to reduce 
the parasitic resistive component thereof. For an 
integrated circuit such as an SRAM which requires 
extremely high integration density, a transistor 
structure in which the gates of an NMOS transistor 
and a PMOS transistor are used as one Si gate pattern 
and a junction portion between an N+ diffusion layer 
and P+ diffusion layer in the Si gate pattern is 
short-circuited by use of a silicide film is formed. 



In a case where the N+ diffusion layer and P+ 
dif fusion layer are thus formed in the same Si gate 
pattern, normally, the Si gate pattern is formed with 
a resist mask and N-type and P-type impurities are 
selectively ion-implanted. At this time, the N+ 
diffusion layer and P+ diffusion layer may. be 
superposed depending on the alignment position of 
the resist mask and an impurity mixture region in 
which N-type and P-type impurities exist in a mixed 
form may be formed in the Si gate pattern in some 
cases. The thickness of a natural oxide film formed on 
the surface of the impurity mixture region is different 
from the thickness of a natural oxide film formed on 
the surface of the N+ diffusion layer and the thickness 
of a natural oxide film formed on the surface of the P+ 
diffusion layer. 

Further, it is known that the natural oxide film 
formed on the surface of the P+ diffusion layer is 
more difficult to remove than the natural oxide film 
formed on the surface of the N+ diffusion layer. 
More specifically, since the concentration of holes in 
the natural oxide film or oxide film formed on the 
surface of the P+ diffusion layer becomes higher, it is 
difficult to completely remove the oxide film. 

Reference document: Sato et al . "Study of 
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pp 6508 to 6513. 

When a silicide film is formed on the surface of 
the Si gate pattern, a step of removing the natural 
oxide film from the surface of the Si gate pattern is 
provided as the preprocessing step. However, if the 
thickness of the natural oxide film formed on the 
surface of the Si gate pattern varies and the 
difficulty in removing the natural oxide film varies, 
the natural oxide film cannot be completely removed 
in the preprocessing step and may be partly left behind 
on the surface of the Si gate pattern in some cases. 
The thus remaining region of the natural oxide film 
will obstruct the silicidation reaction between Si and 
metal. As a result, the resistance may increase in the 
remaining region of the natural oxide film in the Si 
gate pattern and an "open" defect may occur. Next, 
an example of the problem is explained. 

FIGS. 33A to 33E are cross sectional views showing 
a manufacturing method of the conventional 
semiconductor device in the order of the manufacturing 
steps and particularly showing a case wherein an 
impurity, mixture region is formed in the Si gate 
pattern. 

First, as shown in FIG. 33A, a P+ diffusion 
layer 104, N+ diffusion layer 105 and N+/P+ mixed 
layer 107 are formed in an Si gate pattern 101. 
Further, a natural oxide film 110 is formed on the 



surface of the Si gate pattern 101 and, particularly, 
the film thickness tl07 of the natural oxide film 
formed on the surface of the impurity mixture region 
107 is different from the film thickness tl04 of the 
natural oxide film formed on the surface of the P+ 
diffusion layer 104 and the film thickness tl05 of the 
natural oxide film formed on the surface of the N+ 
diffusion layer. Specifically, the film thickness tl07 
is larger than the film thickness tl04 and the film 
thickness tl05. 

Next, as shown in FIG. 33B, the natural oxide 
film 110 is etched by a wet etching process using 
hydrofluoric acid or the like. At this time, it is 
assumed that the natural oxide film 110 is partly 
left behind on the surface of the impurity mixture 
region 107 . 

Then, as shown in FIG. 33C, a metal film 111 is 
formed on the Si gate pattern 101 with the natural 
oxide film 110 partly left behind thereon. 

After this, as shown in FIG. 33D, the heat 
treatment is performed to cause a reaction between the 
Si gate pattern 101 and the metal film 111 so as to 
form a silicide film 109. At this time, since the 
reaction is difficult to occur on the natural oxide 
film 110, the silicide film 109 is not practically 
formed on the natural oxide film 110. 

Next, as shown in FIG. 33E, a non-reacted portion 



of the metal film 111 is removed. Thus, the Si gate 
pattern 101 whose surface is formed in a silicide form 
can be obtained. 

However, since the silicide film 109 is not 
practically formed on the impurity mixture region 107, 
the silicide film 109 is divided on a boundary portion 
106 between the P+ diffusion layer 104 and the N+ 
diffusion layer 105. As a result, a junction portion 
between the P+ diffusion layer 104 and the N+ diffusion 
layer 105 cannot be short-circuited by use of the 
silicide film 109. For example, this may be a cause of 
the "open" defect. 

FIGS. 34A to 34E are cross sectional views showing 
another manufacturing method of the conventional 
semiconductor, device in the order of the manufacturing 
steps and particularly showing a case wherein a natural 
oxide film is left behind on the surface of a P+ 
diffusion layer. 

First, as shown in FIG. 34A, a P+ diffusion layer 
104 and N+ diffusion layer 105 are formed in an Si gate 
pattern 101 and a natural oxide film 110 is formed on 
the surface of the Si gate pattern 101. 

Next, as shown in FIG. 34B, the natural oxide 
film 110 is etched by a wet etching process using 
hydrofluoric acid or the like. At this time, it is 
assumed that the natural oxide film 110 is partly left 
behind on the surface, of the P+. diffusion layer 104. 



Then, as shown in FIG. 34C, a metal film 111 is 
formed on the Si gate pattern 101 with the natural 
oxide film 110 partly left behind thereon. 

After this, as shown in FIG. 34D, the heat 
treatment is performed to cause a reaction between the 
Si gate pattern 101 and the metal film 111 so as to 
form a silicide film 109. At this time, as explained 
with reference to FIG. 33D, the silicide film 109 is 
not practically formed on the natural oxide film 110. 

Next, as shown in FIG. 34E, a non-reacted portion 
of the metal film 111 is removed. Thus, the Si gate 
pattern 101 whose surface is formed in a silicide form 
can be obtained. 

However, since the silicide film 109 is not 
practically formed on the natural oxide film 110,. the 
silicide film 109 is divided on the P+ diffusion layer 
104. As a result, the resistance will increase on 
a region of the P+ diffusion layer 104 on which the 
natural oxide film 110 is left behind. 

The problems caused by leaving behind the natural 
oxide film 10 on the Si gate pattern 101 can be solved 
by increasing an etching amount of the natural oxide 
film 110 in the steps shown in FIGS. 33B and 34B, for 
example. However, if an etching amount of the natural 
oxide film 110 is increased, excessive etching will 
occur in a portion of the integrated circuit, for 
example, in the element isolation region. Next, a 



typical example of a problem caused by the excessive 
etching is explained below. 

FIGS. 35 to 39 are cross sectional views showing a 
manufacturing method of the conventional semiconductor 
device in the order of the manufacturing ..steps and 
particularly showing a salicide process. 

First, as shown in FIG. 35, an element isolation 
region 122 is formed on the surface region of an N-type 
well region 121 to define an element region 123. 
In the element region 123, P+ diffusion layers 124 and 
P- diffusion layers 125 which act as the source/drain 
regions of an MOSFET are formed. The P- diffusion 
layer 125 is a region called an LDD (Lightly Doped 
Drain) region or extension region in the MOSFET with 
the LDD structure. A gate insulating film 126 is 
formed on a channel region between the P- diffusion 
layers 125 and a gate electrode 127 is formed on the 
gate insulating film 126. The gate electrode 127 is 
formed of silicon having P-type impurity doped therein 
and, for example, corresponds to the P+ diffusion layer 
104 of the Si gate pattern 101 shown in FIGS. 33A and 
34A. A side wall insulating film 128 is formed on the 
side walls of the gate electrode 127 and on the P- 
diffusion layers 125. The side wall insulating film 
128 is a silicon oxide film. A natural oxide film 110 
is formed on the surfaces of the P+ diffusion layers 
124 and on the surface of the gate electrode 127. 



Next, as shown in FIG. 36, the natural oxide 
film 110 is etched by a wet etching process using 
hydrofluoric acid or the like. In the etching process, 
it is assumed that an etching amount of the natural 
oxide film 110 is increased to completely remove the 
natural oxide film 110 from the surface of the gate 
electrode 127 and the surfaces of the P+ diffusion 
layers 124. At this time, excessive etching occurs 
in the element isolation region 122 and side wall 
insulating film 128 to reduce the film thicknesses 
thereof. In this case, if the film thickness of the 
element isolation region 122 is extremely - reduced, the 
upper surface of the etched element isolation region 
122 becomes lower than the junction between the P+ 
diffusion layer 124 and the N-type well region 121 as 
indicated by a reference symbol 130 so as to expose 
a portion of the N-type well region 121 in some cases. 

Then, as shown in FIG. 37, a metal film 111 is 
formed on the structure in which the portion of the 
N-type well region 121 is exposed. 

After this, as shown in FIG. 38, the heat 
treatment is performed to cause a reaction between Si 
of the gate electrode 127 and element region 123 and 
the metal film 111 so as to form a silicide film 109. 

Next, as shown in FIG. 39, a non-reacted portion 
of the metal film 111 is removed. Thus, the surface 
of the gate electrode 127 and the surface of the P+ 



diffusion layer 124 are formed in a silicide form. 

However, since the film thickness of the. 'element 
isolation region 122 is reduced and the N-type well 
region 121 is partly exposed, the silicide film 109 
is formed to extend over the P+ diffusion, layer 124 and 
N-type well region 121. As a result, the P'+ diffusion 
layer 124 and the N-type well region 121 are short- 
circuited via the silicide film 109. Then, a problem 
that a junction leak between the P+ diffusion layer 124 
and the N-type well region 121 is increased or the 
MOSFET will not be operated will occur. 

BRIEF SUMMARY OF THE INVENTION 
A semiconductor device according to a first aspect 
of the present invention comprises a semiconductor 
region containing silicon and germanium and including a 
germanium low-concentration region containing germanium 
of low concentration and a germanium high-concentration 
region containing germanium of high concentration, a 
P-type diffusion layer formed in the semiconductor 
region, an N-type diffusion layer formed in the 
semiconductor region, a boundary region between the 
P-type diffusion layer and the N-type diffusion layer 
being disposed in the germanium high-concentration 
region, and a silicide film formed to extend from the 
N-type diffusion layer over to the boundary region and 
the P-type diffusion layer. 

A method of manufacturing a semiconductor device 



according to a second aspect of the present invention 
comprises forming a germanium low-concentration region 
containing germanium of low concentration and a 
germanium high-concentration region containing 
germanium of high concentration in a semiconductor 
region containing at least silicon, forming P-type and 
N-type diffusion layers in the semiconductor . region 
with a boundary region between the above diffusion 
layers being set in the germanium high-concentration 
region, and forming a silicide film which extends from 
the N-type diffusion layer over to the boundary region 
and the P-type diffusion layer. 

A method of manufacturing a semiconductor device 
according to a third aspect of the present invention 
comprises forming a P-type semiconductor region in 
which a first transistor is formed and an N-type 
semiconductor region in which a second transistor is 
formed on a substrate, forming a semiconductor film 
containing at least silicon on the P-type and N-type 
semiconductor regions, forming a germanium low- 
concentration region containing germanium of low 
concentration on the P-type semiconductor . region and 
a germanium high-concentration region containing 
germanium of high concentration on the N-type 
semiconductor region in the semiconductor region,, 
patterning the semiconductor region into an electrode 
pattern of the first transistor on the P-type 



semiconductor region and into an electrode pattern of 
the second transistor on the N-type semiconductor 
region/ respectively forming N-type and P-type 
diffusion layers in the P-type and N-type semiconductor 
regions and disposing the P-type and N-type diffusion 
layers in the electrode patterns with a boundary region 
between the above diffusion layers being set in the 
germanium high-concentration region, and forming 
a .-slli.ci.de film on the N-type diffusion layer in the 
P-type semiconductor region and the P-type diffusion 
layer in the N-type semiconductor region, the silicide 
film being formed to extend from the N-type diffusion 
layer in the electrode pattern over to the boundary 
region and the P-type diffusion layer. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1A is a cross sectional view showing 
a semiconductor device according to a first embodiment 
of the present invention, FIG. IB is a cross sectional 
view showing a semiconductor device according to 
a first modification of the first embodiment of the 
present invention, and FIG. 1C is a cross sectional 
view showing a semiconductor device according to 
a second modification of the first embodiment of 
the present invention; 

FIG. 2 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 



invention; 

FIG. 3 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 4 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 5 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 6 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 7 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 8. is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 9 is a cross sectional view showing one 
manufacturing step of the semiconductor device 



according to the first embodiment of the present 
invention; 

FIG. 10 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 11 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the. first embodiment of the present 
invention; 

FIG. 12 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 13 is a cross sectional view showing one 
manufacturing step of the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 14A is a plan view showing a semiconductor 
device according to a second embodiment of the present 
invention, FIG'. 14B is a cross sectional view taken 
along the 14B-14B line of FIG. 14A, FIG. 14.C is. a cross 
sectional view taken along the 14C-14C line of 
FIG. 14A, and FIG. 14D is a cross sectional view taken 
along the 14D-14D line of FIG. 14A; 

FIG. 15A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
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second embodiment of the present invention, FIG. 15B is 
a cross sectional view taken along the 15B-15B line of 
FIG. 15A, FIG. 15C is a cross sectional view taken 
along the 15C-15C line of FIG. ISA, and FIG. . 15D is 
5 a cross sectional view taken along the 15D-15D line of 

FIG. 15A; 

FIG. 16A is a plan view showing one manufacturing 
method of the semiconductor device according. to the 
- second embodiment of the present invention, FIG. 16B is 
10 a cross sectional view taken along the 16B-16B line of 

FIG. 16A, FIG. 16C is a cross sectional view taken 
along the 16C-16C line of FIG. 16A, and FIG. 16D is 
a cross sectional view taken along the 16D-16D line of 
FIG. 16A; 

15 FIG. 17A is a plan view showing one manufacturing 

method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 17B is 
a cross sectional view taken along the 17B-17B line of 
FIG. 17A, FIG. 17C is a cross sectional view taken 

20 along the 17C-17C line of FIG. 17A, and FIG. 17D is 

a cross sectional view taken along the 17D-17D line of 
FIG. 17A; 

FIG. 18A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
25 second embodiment of the present invention, FIG. 18B is 

a cross sectional view taken along the 18B-18B line of 
FIG. 18A, FIG. 18C is a cross sectional view taken 
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along the 18C-18C line of FIG. 18A, and FIG. 18D is 

a cross sectional view taken along the 18D-18D line of 

FIG. 18A; . 

FIG. 19A is a plan view showing one manufacturing 
5 method of the semiconductor device according to the 

second embodiment of the present invention/ FIG. 19B is 
a cross sectional view taken along the 19B-19B line of 
FIG. 19A, FIG. 19C is a cross sectional view taken 
along the 19C-19C line of FIG. 19A, and FIG. 19D is 
10 a cross sectional view taken along the 19D-19D line of 

FIG. 19A; 

FIG. 20A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 20B is 
15 a cross sectional view taken along the 20B-20B line of 

FIG. 20A, FIG. 20C is a cross sectional view taken 
along the 20C-20C line of FIG. 20A, and FIG. 20D is 
a cross sectional view taken along the 20D-20D line of 
FIG. 20A; 

20 FIG. 21A is a plan view showing one manufacturing 

method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 2 IB is 
a cross sectional view taken along the" 21B-21B line of 
FIG. 21A, FIG. 21C is a cross sectional view taken 

25 along the 21C-21C line of FIG. 21A, and FIG. 21D is 

a cross sectional view taken along the 21D-21D line of 
FIG. 21 A; 
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FIG- 22A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 22B is 
a cross sectional view taken along the 22B-22B line, of 
5 FIG. 22A, FIG. 22C is a cross sectional view taken 

along the 22C-22C line of FIG. 22A, and FIG. 22D is 
a cross sectional view taken along the 22D-22D line of 
FIG. 22A; 

FIG. 2 3A is a plan view showing one manufacturing 
10 method of the semiconductor device according to the 

second embodiment of the present invention, FIG. 23B is 
a cross sectional view taken along the 23B-23B line of 
FIG. 23A, FIG. 23C is a cross sectional view taken 
along the 23C-23C line of FIG. 23A, and FIG. 23D is 
15 a cross sectional view taken along the 23D-23D line of 

FIG. 23A; 

FIG. 24A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 24B 
20 is a cross sectional view taken along the 24B-24B line 

of FIG. 24A, FIG. 24C is a cross sectional view taken 
along the 24C-24C line of FIG. 24A, and FIG. 24D is 
a cross sectional view taken along the 24D-24D line of 
FIG. 2 4A; 

25 FIG. 25A is a plan view showing one manufacturing 

method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 25B is 



a cross sectional view taken along the 25B-25B line of 
FIG. 25A, FIG. 25C is a cross sectional view taken 
along the 25C-25C line of FIG. 25A, and FIG. 25D is 
a cross sectional view taken along the 25D-25D line of 
FIG. 25A; 

FIG. 2 6A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 26B is 
a cross sectional view taken along the 26B-26B line of 
FIG. 26A, FIG. 26C is a cross sectional view taken 
along the 26C-26C line of FIG. 26A, and FIG. 26D is 
a cross sectional view taken along the 26D-26D line of 
FIG. 2 6A; 

FIG. 27A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 27B is 
a cross sectional view taken along the 27B-27B line of 
FIG. 27A, FIG. 27C is a cross sectional view taken 
along the 27C-27G line of FIG. 27A,. and FIG. 27D is 
a cross sectional view taken along the 27D-27D line of 
FIG. 27A; 

FIG. 28A is a plan view showing one manufacturing 
method of the semiconductor device according to the 
second embodiment of the present invention, FIG. 28B is 
a cross sectional view taken along the 28B-28B line of 
FIG. 28A, FIG. 28C is a cross sectional view taken 
along the 28C-28C line of FIG. 28A, and FIG. 28D is 



a cross sectional view taken along the 28D-28D line of 
FIG. 28A; 

FIG. 29A is a plan view showing a semiconductor 
device according to a third embodiment of the present 
invention, FIG. 29B is a cross sectional view taken 
along the 29B-29B line of FIG. 29A, FIG. 29C is a cross 
sectional view taken along the 29C-29C line of 
FIG. 29A, and FIG. 29D is a cross sectional view taken 
along the 29D-29D line of FIG. 29A; 

FIG. 30A is a plan view showing the semiconductor 
device according to the third embodiment of the present 
invention, and FIG. 30B is a cross sectional view taken 
along the 30B-30B line of FIG. 30A; 

FIGS. 31A, 31B and 31C are cross sectional views 
showing a first modification of a forming method of 
a Ge high-concentration region; 

FIGS. 32A and 32B are cross sectional views 
showing a second modification of the forming method of 
a Ge high-concentration region; 

FIGS. 33A, 33B, 33C, 33D and 33E are cross 
sectional views showing a manufacturing method of the 
conventional semiconductor device in the order of the 
manufacturing steps; 

FIGS. 34A, 34B, 34C, 34D and 34E are cross 
sectional views .showing a manufacturing method of the 
conventional semiconductor device in the order of the 
manufacturing steps; 



FIG. 35. is a cross sectional view showing one 
manufacturing step of the conventional semiconductor 
device;' 

FIG. 36 is a cross sectional view showing one 
manufacturing step of the conventional semiconductor 
device; 

FIG. 37 is a cross sectional view showing one 
manufacturing step of the conventional semiconductor 
device; 

FIG. 38 is a cross sectional view showing one 
manufacturing step of the conventional semiconductor 
device; and 

FIG. 39 is a cross sectional view showing one 
manufacturing step of the conventional semiconductor 
device. 

DETAILED DESCRIPTION OF THE INVENTION 
There will now be described embodiments of this 
invention with reference to the accompanying drawings. 
In the following explanation, common portions are 
denoted by the same reference symbols throughout the 
drawings . 

(First Embodiment) 

FIG. 1A is a cross sectional view showing a 
semiconductor device according to a first embodiment 
of the present invention. 

As shown in FIG. 1A, silicon (Si) and germanium 
(Ge) are contained in. a semiconductor region, for 



example, in a semiconductor film 1. One example of the 
semiconductor .film 1 is the gate pattern of a MOSFET. 
A Ge low-concentration region 2 in which germanium 
is contained with low concentration and a Ge high- 
concentration region 3 in which germanium is contained 
with high concentration are formed in the semiconductor 
film 1 in the present embodiment. 

Further, in the semiconductor film 1, a P+ 
diffusion layer 4 and N+ diffusion layer 5 are formed. 
A boundary region 6 between the P+ diffusion layer 4 
and the N+ diffusion layer 5 is formed in the Ge 
high-concentration region 3. 

The boundary region 6 in the present embodiment 
contains an impurity mixture region (N+/P+) 7 
containing N-type and P-type impurities. The P+ 
diffusion layer 4 is formed in the Ge high- 
concentration region 3. Further, a boundary 8 between 
the Ge low-concentration region 2 and the Ge high- 
concentration region 3 is formed in the N+ diffusion 
layer 5. A silicide film 9 is continuously formed on 
the N+ diffusion layer 5, boundary region 6 and P+ 
diffusion layer 4. The silicide film 9 is not divided 
on the P+ diffusion layer 4. 

Next, one example of the manufacturing method 
of the semiconductor device according to the first 
embodiment is explained. 

FIGS. 2 to 13 are cross sectional views showing 



the semiconductor device of the first embodiment 
according to one example of the manufacturing method 
thereof^ 

First, as shown in FIG. 2, a semiconductor film 1 
containing at least silicon is formed. In this 
example, the semiconductor film 1 is a gate pattern and 
formed on a gate insulating film (not shown) . The film 
thickness of the semiconductor film 1 can be set to 
a desired value. If an example is daringly given, 
the film thickness is 100 nm to 200 nm in a case where 
the semiconductor film 1 is a gate pattern and in the 
generation in which the gate length of the transistor 
is 100 nm. 

Further, germanium (Ge) is contained in the 
semiconductor film 1 of the present example in addition 
to silicon to form a polycrystalline SiGe film. 
A natural oxide film 10 is formed on the surface of 
the semiconductor film 1 . 

Next, as shown in FIG. 3, an oxidation-resistant 
film 30 is formed on the semiconductor film 1 with the 
natural oxide film 10 formed thereon. One example of a 
material of the oxidation-resistant film 30 is silicon 
nitride. The film thickness of the oxidation-resistant 
film 30 can be set to film thickness which may suppress 
oxidation of the semiconductor film 1. For example, 
the film thickness is set to approximately 10 nm to 
50 nm. If the film thickness is set to approximately 
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10 nm to 50 nm, the oxidation-resistant film 30 can be 

easily separated in the later step. 

Next, as shown in FIG. 4, the oxidation-resistant 

film 30 is patterned by a reactive ion etching (RIE) 

5 process using a resist mask, for example, so as to 

expose the surface of a portion of the semiconductor 

film 1 which corresponds to a P+ diffusion layer 

forming region. At this time, an end portion 31 of the 

oxidation-resistant film 30 is disposed inside. an N+ 

10 diffusion layer forming region. The end portion 31 

of the oxidation-resistant film 30 will define the 

boundary between the Ge low-concentration region and 

the Ge high-concentration region. 

After this, as shown in FIG. 5, the surface of 

15 the semiconductor film 1 is oxidized to form a silicon 

oxide film 32 with the oxidation-resistant film 30 used 

as a mask. By forming the silicon oxide film 32, the 

film thickness tlP of the semiconductor film 1 in the 

P+ diffusion layer forming region becomes smaller than 

20 the film thickness tlN thereof in the N+ diffusion 

layer- forming region. At this time, the property that 

germanium is difficult to be introduced into the 
♦ 

silicon oxide film 32 is utilized so that the Ge 
concentration in the thinned semiconductor film 1 
25 can be increased. . As a result, the region 2 in which 

the Ge concentration is low and the region 3 in which 
the Ge concentration is high are formed in the 



semiconductor film 1 . 

Next, as shown in FIG. 6, the oxidation-resistant 
film 30' and silicon oxide film 32 are removed from the 
semiconductor film 1. At this time, the natural oxide 
film 10 is also removed as shown in FIG . .6. However, 
if the surface of the semiconductor film 1 is exposed 
to oxygen in the later step, a natural oxide film 10 is 
formed on the surface of the semiconductor film 1 
again. 

After this, as shown in FIG. 7, after the 
semiconductor film 1 is patterned into a gate pattern, 
for example, a resist mask 33 used for ion- implantation 
of P-type impurity is formed on the patterned 
semiconductor film 1. Then, P-type impurity ions 34, 
for example, impurity ions containing boron are 
implanted into the semiconductor film 1 with the resist 
mask 33 used as a mask. At this time, an attempt is 
made to dispose an end portion 35 of the resist mask 33 
in the Ge high-concentration region 3. 

Next, as shown in FIG. 8, after the resist mask 33 
is removed, a resist mask 36 used for ion- implantation 
of N-type impurity is formed on the semiconductor 
film 1. Then, N-type impurity ions 37, for example, 
impurity ions containing phosphorus or arsenic are 
implanted into the semiconductor film 1 with the resist 
mask 36 used as a mask. At this time, an attempt is 
made to dispose an end portion. 38 of the resist mask 36 
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in the Ge high-concentration region 3 like the case of 
the end portion 35 of the resist mask 33. 

After this, as shown in FIG . 9, for example, 
the heat treatment is performed to activate the P-type 
5 and N-type impurities implanted into the semiconductor 

film 1. As a result, the P+ diffusion layer 4 and 
impurity mixture region 7 are formed in the Ge high- 
concentration region 3 of the semiconductor film 1 
and the N+ diffusion layer 5 is formed in the Ge 
10 low-concentration region 2. 

Next, as shown in FIG. 10, for example, ' the 
natural oxide film 10 is etched by a wet etching 
process using hydrofluoric acid (for example, 
dilute hydrofluoric acid) or an etchant containing 
15 hydrofluoric acid. The step is a preprocessing step 

of forming a metal film used for forming silicide. 
At this time, as shown in FIG. 10, since the impurity 
mixture region 7 is formed inside the Ge high- 
concentration region 3, the natural oxide film 10 
20 formed on the surface of the impurity mixture region 7 

can be easily removed in comparison with the process 
explained with reference to FIGS. 33A to 33E, for 
example. Further, since the P+ diffusion layer 4 is 
formed inside the Ge high-concentration region 3 like 
25 the impurity mixture region 7, the natural oxide film 

10 formed on the surface of the P+ diffusion layer 4 
can be easily removed in comparison with the process 



explained with reference to FIGS- 34A to 34E, for 
example. The reason why the natural oxide film 10 can 
be easily removed is that the film thickness of the 
natural oxide film 10 can be made thinner than in 
a case where it is formed on silicon containing no 
germanium since the natural oxide film 10 is formed on 
silicon which contains germanium or the etching rate 
with respect to the hydrofluoric acid is increased. 
Further, a phenomenon that the film thickness of the 
natural oxide film 10 is made thin and a phenomenon 
that the etching rate with respect to the hydrofluoric 
acid is increased both become more significant as the 
germanium concentration becomes higher. That is, the 
film thickness of the natural oxide film 10 is made 
thinner on the surface of the Ge high-concentration 
region 3 than on the surface of the Ge low- 
concentration region 2. Further, the etching rate 
of the natural oxide film 10 with respect to the 
hydrofluoric acid is faster on the surface of the Ge 
high-concentration region 3 than on the surface of the 
Ge low-concentration region 2. Therefore, the ease of 
removal of the natural oxide film 10 formed on the 
surface of the P+ diffusion layer 4 and the surface 
of the impurity mixture region 7 can be improved 
substantially to the same degree of the ease of removal 
of the natural oxide film 10 formed on the surface of 
the N+ diffusion layer 5. 



Next, as shown in FIG . 11, a metal film 11 
used for forming a silicide • film is formed on the 
semiconductor film 1 from which the natural oxide film 
10 is removed. In this case, any type of metal which 
reacts with silicon to form silicide can be used, and 
as an example of the material, titanium (Ti) , cobalt 
(Co), tungsten (W) , platinum (Pt) , molybdenum (Mo), 
palladium (Pd) , tantalum (Ta) and the like can be 

given. . 

As shown in FIG. 12, for example, the heat 
treatment is performed to react the semiconductor 
film 1 with the metal film 11 so as to form a silicide 
film 9. At this time, in the present embodiment, since 
the natural oxide film 10 is removed from the surface 
of the P+ diffusion layer 4 and the surface of the 
impurity mixture region 7, the silicide film 9 is 
continuously formed on the N+ diffusion layer 5, 
impurity mixture region 7 and P+ diffusion layer 4. 
Further, the silicide film 9 is not divided on the P+ 
diffusion layer 4. 

Next, as shown in FIG. 13, a non-reacted portion 
of the metal film 11 is removed. As a result, 
the semiconductor film 1 whose surface is formed in 
a silicide form can be obtained. 

According to the semiconductor device of the first 
embodiment, the boundary region 6 between the P+ 
diffusion layer 4 and the N+ diffusion layer 5 lies in 



the Ge high-concentration region 3. Therefore, even if 
the boundary region 6 contains the impurity mixture 
region 7, the natural oxide film 10 formed on the 
surface of the impurity mixture region 7 can be more 
easily removed in comparison with a case of the 
device shown in FIGS . 33A to 33E. As a result, the 
silicide film 9 can be more uniformly formed on the 
semiconductor film 1 and the junction portion between 
the P+ diffusion layer 4 and the N+ diffusion layer 5 
can be more stably short-circuited by 'use of the 
silicide film 9. Thus, the probability that the "open" 
defect occurs can be more suppressed, for example. 

The P+ diffusion layer 4 lies within the Ge high- 
concentration region 3. Therefore,, the natural oxide 
film 10 formed on the surface of the P+ diffusion layer 
4 can be more easily removed in comparison with a case 
of the device shown in FIGS- 34A to 34E, for example. 
As a result, the probability that the silicide film 9 
is divided on the P+ diffusion layer 4 can be more 
suppressed. Thus, an increase in the resistance on the 
P+ diffusion layer 4 can be suppressed, for example. 

Further, it becomes easier to remove the natural 
oxide film 10 formed on the surface of the impurity 
mixture region 7 and the natural oxide film 10 formed 
on the surface of the P+ diffusion layer 4. The ease 
of removal of the respective natural oxide films can be 
improved substantially to the same degree of the ease 



of removal of the natural oxide film 10 formed on the 
surface of the N+ diffusion layer 5, for example. 
Therefore, a variation in the ease of removal of the 
natural oxide films 10 can be made small and, for 
example, it is not necessary to increase an etching 
amount of the natural oxide film 10. As a result, 
problems caused by excessive etching, for example, a 
problem that an insulated gate field' effect transistor 
will not be operated or a problem that the junction 
leak will increase as explained with reference to 
FIGS. 35 to 39 can be solved. 

With the above semiconductor device, it becomes 
easy to enhance the manufacturing yield and reduce 
variation in the characteristics of the elements. 

Further, another advantage can be attained by 
making the germanium concentration in the P+ diffusion 
layer 4 higher than the germanium concentration in the 
N+ diffusion layer. 

For example, in an N-channel insulated gate 
field effect transistor (which is hereinafter brief ly 
referred to as an NMOS for convenience) in which the N+ 
diffusion layer 5 is formed in the gate electrode, the 
activation rate of N-type impurity contained in the N+ 
diffusion layer 5 becomes maximum when the germanium 
concentration in the gate electrode is approximately 
30 mol%. 

On the other hand, in a P-channel insulated gate 



field effect transistor (which is hereinafter briefly 
referred to as a PMOS for convenience) in which the 
P+ diffusion layer 4 is formed in the gate electrode, 
the activation rate of P-type impurity contained in the 
P+ diffusion layer 4 becomes higher as th,e germanium 
concentration in the gate electrode is higher. 

That is, in the semiconductor device according to 
the first embodiment, the germanium concentration of 
the semiconductor film 1 lying in a region in which 
the NMOS is formed is set to such a value that the 
activation rate of N-type impurity contained in the 
N+ diffusion layer 5 will become maximum. Then, the 
germanium concentration of the semiconductor film 1 
lying in a region in which the PMOS is formed is set to 
exceed the concentration which causes the activation 
rate to become maximum. One example of the concentra- 
tion which causes the activation rate to become maximum 
is approximately 30 mol% as described above. 

By thus setting the concentration, both of the 
activation rate of N-type impurity contained in the 
diffusion layer formed in the gate electrode and the 
activation rate of P-type impurity can be enhanced. 
If the activation rates of the impurities are enhanced, 
a depletion layer formed in the gate electrode 
becomes thin and the "apparent thickness" of the gate 
insulating film obtained by adding the thickness of the 
gate insulating film .formed under the gate electrode to 
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the thickness of the depletion layer can be made thin. 
If the "apparent thickness" of the gate insulating film 
becomes thin, for example, an advantage that the ON-OFF 
characteristic in the insulated gate field effect 
5 transistor can be improved can be attained and it is 

effective to optimize the element characteristic. 

FIG. IB is a cross sectional view showing a 
semiconductor device according to a first modification 
of the first embodiment of the present invention and 
10 FIG. 1C is a cross sectional view showing a semicon- 

ductor device according to a second modification of 
the first embodiment of the present invention. 

In the first embodiment, the boundary region 6 
contains the impurity mixture region 7. However, the 
15 impurity mixture region 7 may not be contained in. the 

boundary region 6. 

For example, as shown in FIG. IB, a contact region 
7' in which the P+ diffusion layer 4 and the N+ 
diffusion layer 5 are formed in contact with each 
2 0 other may be contained in the boundary region 6. 

Further, for example, as shown in FIG. 1C, an 
undoped region 7" containing none of P-type and N-type 
impurities may be contained in the boundary region 6. 
(Second Embodiment) 
25 The second embodiment is associated with an 

example of a case wherein the first embodiment is 
applied to a CMOS semiconductor device. 



FIG. 14A is a plan view showing a semiconductor 
device according to the second embodiment of the 
present invention, FIG. 14B is a cross sectional view 
taken along the 14B-14B line of FIG. 14A, FIG. 14C is 
a cross sectional view taken along the 14C-14C line of 
FIG. 14A, and FIG. 14D is a cross sectional view taken 
along the 14D-14D line of FIG. 14A. 

The semiconductor device according to the second 
-embodiment is explained according to one example of the 
manufacturing method below. 

FIGS. 15A to 15D, FIGS. 28A to 28D are plan 

views or cross sectional views showing the semicon- 
ductor device of the first embodiment according to one 
example of the manufacturing method. 

First, as shown in FIGS. 15A to 15D, a P-type 
semiconductor region 20 in which a first transistor is 
to be formed and an N-type semiconductor region 21 in 
which a second transistor is to be formed are formed 
on a substrate 19. In this example, the substrate 19 
is a semiconductor substrate, for example, a P-type or 
N-type silicon substrate. The P-type semiconductor 
region 20 is a P-type well and the N-type semiconductor 
region 21 is an N-type well. Then, an element 
isolation region 22 is formed in the surface regions 
of the P-type well and N-type well to define element 
regions 23 in the P-type well and N-type well. 
One example of the material of the element isolation 



- 32 - 



region 22 is silicon dioxide. 

Next, as shown in FIGS. 16A to 16D, the surfaces 
of the element regions 23 are oxidized to form gate 
insulating films 26. After this, a semiconductor 
film 1 is formed on the element isolation region 22 
and gate insulating films 26. Like the first 
embodiment, silicon and germanium are contained in 
the semiconductor film 1 of this example. 

Then, as shown in FIGS. 17A to 17D, an oxidation- 
resistant film 30 is formed on the semiconductor 
film 1. One example of the material of the oxidation- 
resistant film 30 is silicon nitride like the case of 
the first embodiment. 

Next, as shown in FIGS. 18A to 18D, the 
oxidation-resistant film 30 is patterned to expose the 
surface of a portion of the semiconductor film 1 which 
corresponds to a P+ diffusion layer forming region. At 
this time, an end portion 31 of the oxidation-resistant 
film 30 is disposed inside an N+ diffusion layer 
forming region like the case of the first embodiment. 

After this, as shown in FIGS. 19A to 19D, the 
surface of the semiconductor film 1 is oxidized to form 
a silicon oxide film 32 with the oxidation-resistant 
film 30 used as a mask. As a result, like the first 
embodiment, a region 2 in which the Ge concentration is 
low and a region 3 in which the Ge concentration is 
high are formed on the semiconductor film 1. 



Next, as shown in FIGS. 20A to 20D, the oxidation- 
resistant film 30 and silicon oxide film 32 are removed 
from the semiconductor film 1. 

After this; as shown in FIGS. 21A to 21D, the 
semiconductor film 1 is patterned into a ...gate pattern 
of a gate electrode 27'. Then, P-type and N-type 
impurity ions used to form extensions are respectively 
implanted into the N-type semiconductor region 21 and 
P-type semiconductor region 20 while the gate electrode 
27, element isolation region 22 and resist mask which 
is not shown in the drawing are used as a mask. 

Next, as shown in FIGS . 22A to 22D, insulator 
such as silicon dioxide is deposited on the structure 
shown in FIGS. 21A to 21D to form an insulating film. 
Then, the insulating film is subjected to an 
anisotropic etching process to form a side wall 
insulating film 28. on the side walls of the gate 
electrode 27. 

After this, as shown in FIGS. 23A to 23D, a resist 
mask 33 is formed on a portion of the gate electrode 27 
which lies above the P-type semiconductor region 2 0 and 
on. the side wall insulating film 28, P-type semicon- 
ductor region 20 and element isolation region 22 . 
Then, P-type impurity ions 34 are implanted into the 
gate electrode 27 and N-type semiconductor region 21 
with the resist mask 33 used as a mask. At this time, 
an end portion 35 of the resist mask 33 is disposed in 



the Ge high-concentration region 3 like the case of 
the first embodiment. 

Next, as shown in FIGS. 24A to 24D, after the 
resist mask 33 is removed, a resist mask 36 is formed 
on a portion of the gate electrode 27 which lies above 
the N-type semiconductor region 21 and on the side wall 
insulating film 28, N-type semiconductor region 21 and 
element isolation region 22. Then, ISF-type impurity 
ions 37 are implanted into the gate electrode 27 and 
p-type semiconductor region 20 with the resist mask 36 
used as a mask. At this time, an end portion 38 of the 
resist mask 36 is disposed in the Ge high-concentration 
region 3 like the case of the first embodiment. 

Next, as shown in FIGS. 25A to 25D, for example, 
the heat treatment is performed to activate the P-type . 
and N-type impurities implanted into the P-type 
semiconductor region 20, N-type semiconductor region 21 
and gate electrode 27. As a result, a P+ diffusion 
layer 4 and impurity mixture region 7 are formed in the 
Ge high-concentration region 3 of the gate electrode 
27 and an N+ diffusion layer 5 is formed in the Ge 
low-concentration region 2. Further, on the P-type 
semiconductor region 20, N+ diffusion layers 24N 
which act as the source and drain regions of the NMOS 
and N- diffusion layers 25N which act as the source 
extension and drain extension of the NMOS are formed. 
On the N-type semiconductor region 21, P+ diffusion 



layers 24P which act as the source and drain regions of 
the PMOS and P- diffusion layers 25P which act as the 
source extension and drain extension of the PMOS are 
formed. In FIGS. 25A to 25D, natural oxide films 10 
formed on the surfaces of the gate electrode 7, N+ 
diffusion layers 24N and P+ diffusion layers 24P are 
shown. 

Next, as shown in FIGS. 26A to 26D, for example, 
the natural oxide film 10 is etched by a wet 
etching process using hydrofluoric acid (for example, 
dilute hydrofluoric acid) or an etchant containing 
hydrofluoric acid. The step is a preprocessing step 
of forming a metal film used for forming silicide. 
At this time, as shown in the drawing, since the 
impurity mixture region 7 is formed inside the Ge 
high-concentration region 3, the natural oxide film 10 
formed on the surface of the impurity mixture region 7 
can be easily removed like the case of the first 
embodiment. Further, since the P+ diffusion layer 4 is 
formed inside the Ge high-concentration region 3, the 
natural oxide film 10 formed on the surface of the P+ 
diffusion layer 4 can be easily removed like. the case 
of the first embodiment. Further, since the natural 
oxide film 10 can be easily removed, it is unnecessary 
to increase the etching amount of the natural oxide 
film 10 unlike the case of the process explained with 
reference to FIGS. 35. to 39. Therefore, a reduction in 



the film thickness of the element isolation region 22 
and side wall insulating film 28 can be suppressed in 
comparison with a case of the process explained with 
reference to FIGS. 35 to 39. 

Next, as shown in FIGS. 27A to 27D, a metal film 
11 is formed on the surfaces of the gate electrode 27, 
side wall insulating film 28, P-type semiconductor 
region 20, N-type semiconductor region 21 and element 
isolation region 22 from which the natural oxide film 
10 is removed. 

As shown in FIGS. 28A to 28D, for example, the 
heat treatment is performed to react the gate electrode 
27, P-type semiconductor region 20 and N-type 
semiconductor region 21 with the metal film 11 so as to 
form a silicide film 9. At this time, in the present 
embodiment, since the natural oxide film 10 is removed 
from the surfaces of the P+ diffusion layer 4 and 
impurity mixture region 7, particularly, the silicide 
film 9 formed on the gate electrode 27 is continuously 
formed on the N+ diffusion layer 5, impurity mixture 
region 7 and P+ diffusion layer 4. Further, the 
silicide film 9 is not divided on the P+ diffusion 
layer 4 . 

Next, as shown in FIGS. 14A to 14D, a non-reacted 
portion of the metal film 11 is removed. As a result, 
a CMOS semiconductor device having the gate electrode 
27, N+ diffusion layer 24N and P-f diffusion layer 24 P 



whose surfaces are formed in a silicide form can be 
obtained. 

In the semiconductor device according to the 
second embodiment, the boundary region 6 between the P+ 
diffusion layer A and the N+ diffusion layer 5 is. 
formed in the Ge high-concentration region 3. 
Further, the P+ diffusion layer 4 lies in the Ge 
high-concentration region 3. Therefore, the same 
effect as that of the first embodiment can be attained. 
(Third Embodiment) 

Like the second embodiment, the third embodiment 
is associated with an example of a case wherein the 
first embodiment is applied to a CMOS semiconductor 
device. 

FIG. 2 9A is a plan view showing a semiconductor 
device according to the third embodiment of the present 
invention, FIG. 29B is a cross sectional view taken 
along the 29B-29B line of FIG. 29A, FIG. 29C is a cross 
sectional view taken along the 29C-29C line of 
FIG. 29A, and FIG. 29D is a cross sectional view taken 
along the 29D-29D line of FIG. 29A. 

As shown in FIGS. 29A to 29D, the third embodiment 
is similar to the second embodiment except that an SiGe 
substrate containing silicon and germanium is used as 
a substrate 19, a Ge low-concentration region 2' 
containing germanium of low concentration and a Ge 
high-concentration region 37 containing germanium of 



high concentration are formed on the SiGe substrate, 
an N-type semiconductor region 21 on which P+ diffusion 
layers 24P are formed is formed in the Ge high- 
concentration region 3' , and a P-type semiconductor 
region 20 on which N+ diffusion layers 24N are formed 
is formed in the Ge low-concentration region 2' . 
With the above structure, a PMOS is formed in the Ge 
high-concentration region 3' and an NMOS is formed in 
the Ge low-concentration region 2'. 

A natural oxide film formed on the surface of the 
P+ diffusion layer is more difficult to remove than 
a natural oxide film formed on the surface of the N+ 
diffusion layer as described before. 

Therefore, in the third embodiment, it is possible 
to attain an advantage that the natural oxide film 
formed on the surface of the P+ diffusion layer 24P can 
be easily removed and a silicide film 9 can be easily 
formed on the P+ diffusion layer 24P by forming the 
N-type semiconductor region 21 on which the P+ 
diffusion layers 24P are formed in the Ge high- 
concentration region 3' . 

Thus, the methods explained in the first and 
second embodiments can be applied not only to the 
gate electrodes but also to semiconductor activation 
layers, for example, diffusion layers functioning as 
source/drain regions. 



(Fourth Embodiment) 

FIG. 30A is a plan view showing the semiconductor 
device according to the fourth embodiment of the 
present invention and FIG. 30B is a cross sectional 
view taken along the 30B-30B line of FIG..., 3 OA. 

In the 'third embodiment,, the. fact that the methods 
explained in the first and second embodiments can be 
applied to semiconductor activation layers, for 
example, diffusion layers functioning as source/drain 
regions was explained. 

As shown in FIGS. 30A, 30B, in the fourth 
embodiment, a P+ diffusion layer 29P is formed on a 
P-type semiconductor region 20. The P+ diffusion layer 
29P functions as a contact which is used to apply. the 
same potential as the source potential of a transistor 
to the P-type semiconductor region 20 functioning as 
a back-gate of the transistor. 

A substrate 19 in the present embodiment is 
an SiGe substrate containing silicon and germanium. 
Like the third embodiment, a Ge low-concentration 
region 2' containing germanium of low concentration and 
a Ge high-concentration region 3' containing, germanium 
of high concentration are formed in the SiGe substrate. 
The P+ diffusion layer 29P is formed in the Ge 
high-concentration region 3' . Further, the P+ 
diffusion layer 29P is formed in contact with the N+ 
diffusion layer 24N via an impurity mixture region 7'. 



The impurity mixture region 7' is formed in the Ge 
high-concentration region 3' . A silicide film 9 is 
continuously formed on the N+ diffusion layer 24N, 
impurity mixture region 7' and P+ diffusion layer 29P. 
Further, the silicide film 9 is not divided on the P+ 
diffusion layer 4. 

(Modification of the method for forming the Ge 
high-concentration region) 

Next, "a modification of the Ge -high-concentration 
region forming method is explained. 

In the first and second embodiments, when the Ge 
high-concentration region 3 is formed, a selected 
portion of the semiconductor film 1 is oxidized and 
then the Ge high-concentration region 3 is formed by 
utilizing the phenomenon that Ge is difficult to be 
introduced into the oxide film. However, the Ge high- 
concentration region 3 can be formed by use of a method 
other than the above forming method. 

(First Modification) 

FIGS. 31A, 31B and 31C are cross sectional views 
showing a first modification of the forming method of 
the Ge high-concentration region. 

First, as shown in FIG. 31B, a resist mask 40 
is formed on a semiconductor film 1 containing silicon 
as shown in FIG. 31A. Then, germanium ions 41 are 
implanted into the semiconductor film 1 with the resist 
mask 40 used as a mask. 



Next, as shown in FIG. 31C, for example, a resist 
mask 42 is formed on a portion of the semiconductor 
film 1 into which germanium is implanted. Then, 
germanium ions 41 which are smaller in dose amount than- 
in a case of the step shown in FIG. 31B are implanted 
into the semiconductor film 1 with the resist mask 42 
used as a mask. 

Thus, by implanting germanium ions into the 
semiconductor film 1 after changing the dose amount 
thereof, the Ge low-concentration region 2 and Ge 
high-concentration region 3 can be formed in the 
semiconductor film 1. 

(Second Modification) 

FIGS. 32A and 32B are cross sectional 
views showing a second modification of the Ge 
high-concentration region forming method. 

First, as shown in FIG. 32B, a resist mask 40 
is formed on a semiconductor film 1 containing silicon 
as shown in FIG. 32A. Then, germanium ions 41 are 
implanted into the semiconductor film 1 with the resist 
mask 40 used as a mask. 

Thus, additionally implanting germanium ions into 
the semiconductor film 1, the Ge low-concentration 
region 2 and Ge high-concentration region 3 can be 
formed in the semiconductor film 1. 

As described above, the present invention has been 
explained by use of the first to fourth embodiments, 



but the present invention is not limited to the first 
to fourth embodiments and can be variously modified 
without departing from the technical scope thereof. 

For example, in the first to fourth embodiments, 
the insulated gate field effect transistor is shown as 
an example, but the present invention is not applied 
only to the insulated gate field effect transistor. 
The present invention can also be applied to an active 
element other than the insulated gate field effect 
transistor, for example, a bipolar transistor or the 
like if it is a semiconductor device having a silicide 
film. Further, the present invention can be applied 
not only to an active element but also to a passive 
element such as a capacitor, or diode if it has 
a silicide film. 

In addition, the above embodiments can be 
independently performed, but it is of course possible 
to adequately combine and demonstrate the embodiments. 

Further, inventions of various stages are 
contained in the above embodiments and can be extracted 
by adequately combining a plurality of constituent 
elements disclosed in the respective embodiments. 

As described above, according to the first to 
fourth embodiments of the present invention, a semicon- 
ductor device in which a silicide film can be easily 
formed and a manufacturing method thereof can be 
provided. 
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Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
5 shown and described herein. Accordingly, various 

modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



